INTRODUCTION
Type 2 diabetes mellitus (DM) is the most common chronic metabolic disease, affecting about 6% of the adult population in the western world, 1 with a considerable proportion of the population remaining undiagnosed, while incidence is also rising at an alarming pace in the non-western world. 2 Among chronic diseases, type 2 DM is moreover one of the most costly and onerous, being a major cause of cardiovascular disease, blindness, renal failure, and amputations 3, 4 with increasing prevalence worldwide. 1, 4 Additionally, prevalence of overweight and obesity, prime risk factors for type 2 DM, is increasing. 5, 6 A large number of studies have shown that an increase in the prevalence of obesity is followed by a similar rise in the prevalence of type 2 DM and that obesity is responsible for more than 80% of all cases of type 2 DM. 7, 8 Identification of risk factors associated with and prevention of type 2 DM is therefore a major priority in healthcare planning in many countries. The aim of the present cross-sectional epidemiological study was to examine the association between type 2 DM and demographic, clinical, and socioeconomic parameters in a representative sample of the adult Greek population.
SUBJECTS AND METHODS

Study population
This study was run in parallel with the ESORDIG study, a cross-sectional survey which examined the prevalence of rheumatic diseases in Greece. Details on the ESORDIG study design, study population, subject recruitment, and evaluation have been reported previously. [9] [10] [11] [12] Briefly, the study was conducted from March 1996 to April 1999 on the total adult population (aged 19 years) in two urban, one suburban, and four rural areas located in northern, central, and southern mainland Greece (8547 subjects), as well as on 2100 out of 5686 randomly selected adult subjects in one additional rural and one suburban community. In the latter areas, every second and third household from a randomly chosen starting point, respectively, was selected. All adult members of the non-selected and selected households were asked to participate in the study.
The main selection criteria for these areas were the widest possible representation of rural, urban, and suburban mainland Greek populations. The research was conducted exclusively by the participating local physicians, since most of these areas are near their permanent residences. In Greece, an area is considered urban if its population is more than 10,000 inhabitants, suburban if between 2000 and 10,000, and rural if less than 2000 inhabitants.
Based on the 1991 population census 13 and on the calculated population changes per year based on 1991 and 1981 population census data, it was estimated at the beginning of the study (March 1996) that the total population of the study areas came to 20,051 subjects of whom 14,233 were adults who thus constituted the total target population ( Table 1 ). The study was conducted by experienced local physicians who visited the participating population at their homes. The home visit involved an interview with each participant based on a standardized questionnaire; its purpose was to obtain a variety of information on socio-demographic characteristics (Table 2) , a medical history which included a specific questionnaire regarding the presence of DM, the year of diagnosis, and the type of DM. Diagnosis of DM was based on the following criteria: 1) participants had a history of DM diagnosed by the family doctor or the primary care physician, and 2) they were on treatment with antidiabetic tablets, insulin or a combination of the two.
14 Type 1 DM was diagnosed when the onset of diabetes occurred before the age of 30 years of age in the presence of symptoms of diabetes and/or ketoacidosis and the patients had been treated continuously with insulin in the first two years post-diagnosis. Additionally, type 1 DM was diagnosed when the onset of DM was at older age and the patients had been treated continuously with insulin in the first two years after diagnosis. Type 1 DM, other types of DM, and gestational DM were excluded. Participants were asked to report their own height and weight, which were used to calculate the body mass index (BMI), and they were grouped as normal weight (BMI <25 ). Finally, a random sample of non-participants in the full survey (one out of six persons who refused to participate in the study) in two areas (a total of 60 subjects) was telephoned and a home visit was arranged. A short questionnaire on sociodemographic characteristics, medical history, diagnosed DM, and the reasons for non-participation in the study was completed. We reported previously on the prevalence of DM and obesity in this sample. The study protocol was evaluated and approved by appropriate local and central committees and was conducted under the auspices of the Greek Ministry of Health and the Greek Central Union of Municipalities and Communities of Greece.
Quality control
Prior to the start of the ESORDIG study, all participating physicians attended a training course that covered the study protocol, how to conduct the interview, and assessment of DM status. Throughout the duration of the study, all the regularly submitted epidemiological forms were centrally controlled and checked for any controversial or missing data. Such observations led to the organization of in-study investigators' meetings and subsequent written guidelines, as required. The effect of the investigator on diagnosing DM and excess body weight as well as the effect of non-selection and random selection of suburban and rural populations on the study results were tested in logistic regression models, in which the dependent variables were DM and excess body weight status and the independent variables were the observer and the selected/non-selected populations.
Statistical analysis
All data were analyzed by SPSS v. 11.0 for Windows and AnswerTree v. 3.0 for Windows. The values of the parametric data are presented as mean ± SD. Pearson correlation coefficients were used to compare the age distribution between the study participants, the total target adult population, and the total adult population of Greece based on gender and on urban, suburban, and rural residence. The student t-test or one-way analysis of variance (ANOVA) was used to compare mean values, while a 2 was used to compare categorical variables; 95% confidence intervals (CI) were given where relevant. A variety of factors shown by 2 automatic interaction detection to be significantly associated with known diabetes were included in a forward logistic regression model for further analysis. Such factors were age, BMI, residence in urban, suburban or rural areas, level of education, manual or non-manual occupation, smoking habits, number of persons living in a house, and socioeconomic status. Socioeconomic status was defined as low or high based on the level of education and the occupation of the family breadwinner. P values <0.05 (two-tailed) were considered statistically significant.
RESULTS
Of the final target population of 10,647 subjects, 8740 participated in the study (participation rate 82.1%). Among the participants, 4269 (49%) were men and 4471 (51%) were women, while 31% were residents in urban, 34% in suburban, and 35% in rural areas; the age range was 19-99 years and the mean age was 47±17.7 years. In the age groups 60-69 and 70 years, there were significantly more people in the rural than in the urban and suburban areas (P<0.001 for all comparisons). Thus, the mean age of the rural population (49.64±18.28 years) was significantly different from that of urban (44.65±17.03 years) or suburban dwellers (46.30±17.45 years) (P<0.001 for both comparisons). However, the study population was indeed representative of the general adult population of Greece; using Pearson correlation coefficients we found significant similarities in the age distributions for men and women separately, between the study participants (data collected by the study physicians) and the total target population of the study (data available by the local authorities according to the 1991 and 1981 population census data) (r = 0.85, P<0.001, and r =0.84, P<0.001, respectively), between the study participants and the total adult population of Greece (r =0.85, P<0.001 for both genders, and between the total target adult population of the study and the total adult population of Greece according to the 1991 population census (Table 3 ). Univariate analysis revealed that prevalence of type 2 DM increased significantly with older age (P<0.001), increasing BMI (P<0.001), living in rural regions (P=0.01), low education level (P<0.001), manual occupation (P=0.01), low socioeconomic status (P<0.001), smoking in the past (P<0.001), and fewer subjects living together (P<0.001) ( Table 4 ). Prevalence of known type 2 DM did not differ significantly between males and females. Similarly, there was no difference in the prevalence of type 2 DM among the northern, central, and southern areas of the country or between the selected and non-selected populations.
Multivariate logistic regression analysis in the studied population, after adjustment for region of living (rural, suburban, urban), educational level, occupation, and number of persons living together, demonstrated that the odds of type 2 DM increased significantly with age above 40 years (P<0.001), BMI 30.0 kg/m 2 (P<0.001), low socioeconomic status (P=0.009), and smoking in the past (P=0.001), while smoking currently was associated with lower odds of type 2 DM (P=0.01) ( Table 5) .
DISCUSSION
Diabetes is a formidable public health issue incurring a significant social and economic burden which necessitates a multitude of clinical interventions and public health policy decisions. Population-based studies and identification of risk factors are of particular interest for the development of preventive strategies. However, screening of selected groups of the general population and the non-random, non-populationbased nature of most relevant studies have given rise to wide variations of the reported DM prevalence in Greece in previous studies. [16] [17] [18] [19] [20] [21] The strengths of the present study are: i) a large number of subjects was evaluated in a door-to-door manner by experienced physicians who visited, interviewed, and collected data at their homes; ii) the participants were representative of the total adult target population of the studied areas and, most importantly, of the Greek adult population; iii) a high participation rate was achieved. On the other hand, this study is not without limitations. As in most population-based studies, the determination of DM was based on self-reported, physician-diagnosed DM and was not confirmed diagnostically, although previous data indicated that the reliability of self-reported DM was high. 22 Additionally, the actual prevalence of the disease, including the non-diagnosed cases, is clearly underreported. Furthermore, data on some established risk factors of type 2 DM, such as family history of type 2 DM, physical activity, and nutritional factors, are not available.
In our study we found a strong association between range. 7, [25] [26] [27] There is strong evidence that obesity is responsible for the global rise in the prevalence of type 2 DM. 7, 8 Besides total body fat (reflected by BMI), other factors such as a family history of type 2 DM, body fat distribution, and excess body weight attained either in puberty or in early adult life are also associated with higher risk of type 2 DM 7, 27, 28 and may have attenuated the relationship between overweight and type 2 DM in our study.
Multivariate analysis demonstrated that low socioeconomic status defined as a composite of education level and occupation was associated with higher risk of type 2 DM in the present study. There is evidence of a negative association between higher socioeconomic status and prevalence of type 2 DM. [29] [30] [31] Data from the UK showed that that both men and women living in deprived areas in a health district had high prevalence of type 2 DM. 30 Previous studies also found a higher prevalence of the disease among subjects who were less educated, had a lower income or were unemployed. 29 Furthermore, socioeconomic disadvantage was a significant predictor of type 2 DM incidence in adults over a 34-year period. 31 Individuals of high socioeconomic status adopt a healthier lifestyle behavior and have fewer risk factors for cardiovascular disease, most of which also influence diabetes. 32 By contrast, people of lower socioeconomic class are more likely to have reduced access to healthcare services and information and to be obese, physically inactive, and smokers, while less likely to adhere to a healthy diet, all factors associated with the development of type 2 DM. 33, 34 Notably, this association was independent of the effects of age, obesity, and smoking.
We also found that manual workers had increased odds for type 2 DM in univariate analysis. However, multivariate analysis eliminated this association, suggesting that there is an interaction between occupation and other factors. Manual workers are more likely to be less educated, to have a lower income, and to belong to a lower socioeconomic status. Indeed, multivariate analysis showed that a low socioeconomic status was associated with significantly increased odds for type 2 DM.
Concerning the association between smoking habits and risk of type 2 DM, we showed that the prevalence of the disease was higher in ex-smokers age and prevalence of type 2 DM in both genders. Multivariate analysis demonstrated that the risk of type 2 DM was almost 16 and 50 times higher in the subjects aged 40-59 and 60 years, respectively, in comparison with subjects <40 years of age. The development of type 2 DM is influenced by attained age and has been demonstrated in previous studies. [16] [17] [18] [19] [20] [21] [23] [24] [25] [26] With regard to the association between excess body weight and type 2 DM, we found that both overweight and obesity were associated with higher prevalence of DM in univariate analysis. However, multivariate analysis demonstrated that only obesity and not overweight status was associated with higher risk of type 2 DM. Data from large studies, albeit confined to the USA, have shown that excess body weight within the classification of 'overweight' is associated with higher risk of type 2 DM and that the association of risk with increasing weight was evident even within the non-obese range. 7, 24, 26 In most of the studies, although there is a steep gradient between excess body weight and risk of type 2 DM, the largest increases in the risk have been found in the obese than in non-smokers and current smokers. Indeed multivariate analysis demonstrated that previous smoking was associated with higher risk, while current smoking was linked to lower risk of type 2 DM. Cross-sectional data from Greece 20 and prospective studies from other countries demonstrated that the risk of type 2 DM increases in smokers of both genders irrespective of the obesity status, [35] [36] [37] [38] and there is evidence of benefit from smoking cessation on risk of type 2 DM 38 consistent with the evidence linking smoking with insulin resistance, low-grade inflammation, and increased oxidative stress, factors associated with development of type 2 DM. 38, 39 The low prevalence of current smokers among subjects with type 2 DM found in the present study is probably related to smoking cessation after medical advice when DM is diagnosed, 40 a consideration which curtails the power of our study to provide robust conclusions on the association between smoking currently and risk of type 2 DM. In addition, the negative association between smoking and risk for type 2 DM may be related to smoking with genes interaction. 41 Recent data showed that there are genetic variants in the nicotinic acetylcholine receptors gene which showed a strong association with insulin resistance and type 2 DM; these variants were independent of cigarette smoking per se. 41 We found in univariate analysis that the prevalence of type 2 DM was higher when the number of subjects living together was one or two in comparison with more than two. A plausible explanation for this finding is that older people, who are more likely to have type 2 DM, usually live in houses in pairs or alone contrary to the younger participants who have families with children and are less likely to have type 2 DM. In addition, we found in univariate analysis that people living in rural areas had higher prevalence of type 2 DM (42%) than those living in urban areas (27.1%), although it is well established that people living in rural areas, in comparison with those l iving in urban areas, are more physically active. The higher prevalence of type 2 DM in people living in rural areas is due to the fact that older people live in rural areas of Greece, who are more likely to have type 2 DM. Indeed, in our study there were significantly more dwellers in rural areas in the age groups >60 years and the mean age of the rural population was higher than that of urban or suburban dwellers.
We did not find any significant relationship between alcohol consumption and type 2 DM. In our study, a few participants reported heavy alcohol consumption and this has probably resulted in positive association between heavy alcohol consumption and T2DM, as described previously. 42 Additionally, we did not find a negative relationship between modest or moderate alcohol consumption and prevalence of type 2 DM. Cross-sectional data relating alcohol consumption to the risk of type 2 DM are equivocal. 43, 44 However, there is evidence from prospective studies that modest to moderate alcohol consumption may reduce the risk of diabetes and some studies suggest a U-shaped relationship between alcohol and risk of type 2 DM. 44, 45 We did not find differences in the prevalence of type 2 DM between the southern, central, and northern geographic regions of Greece. Univariate analysis showed that the prevalence of the disease was higher in the rural in comparison with the suburban and urban areas of Greece. A possible explanation for this association is that in the age groups 60 years, an age-group with high prevalence of type 2 DM, there were more people in the rural than in the urban and suburban areas. We also showed that dwellers in the rural areas were on average almost five years older than dwellers in urban or suburban areas. Indeed, multivariate analysis, after adjustment for the effect of age, eliminated the relationship between place of residence and risk of T2DM.
In conclusion, this study showed that in large and representative samples of rural, urban, and suburban adult Greeks, type 2 DM was associated with advancing age, obesity, exposure to smoke, and low socioeconomic status. Data from our country and other countries has shown that the prevalence of the disease is increasing. The results of the present study suggest that the adoption and application of effective public health strategies aiming at prevention of obesity and avoidance of smoking may help to prevent type 2 DM.
